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364 The Journal of Thoracic and Cardackground: Postoperative atrial fibrillation is common after coronary surgery. The
ellular condition of atrial myocytes might play a part in the postoperative devel-
pment of atrial fibrillation. Our study aimed to investigate whether patients in
hom postoperative atrial fibrillation develops show pre-existent alterations in
istopathology of the right atrium and how such changes are expressed in relation
o the use of cardiopulmonary bypass.
ethods: Seventy patients undergoing elective coronary revascularization were
rospectively randomized to on-pump conventional surgery (conventional cor-
nary artery bypass grafting, n  35) or off-pump surgery on the beating heart
off-pump coronary artery bypass grafting, n  35). Samples from the right
trial appendage were immediately collected after opening the pericardium. In
he on-pump group samples were also taken after weaning from cardiopulmo-
ary bypass. Focusing on degenerative alterations, histology was studied by means
f light microscopy and for confirmation of particular findings by means of elec-
ronic microscopy.
esults: Twenty-two (31%) patients had postoperative atrial fibrillation, with the
ate not being different between the off-pump coronary artery bypass grafting and
onventional coronary artery bypass grafting groups (P  .797). Left atrial enlarge-
ent and inotropic requirement were related to atrial fibrillation. Interstitial fibrosis,
acuolization, and nuclear derangement of myocytes were the histologic abnormal-
ties associated with the development of postoperative atrial fibrillation. However, in
ultivariate analysis fibrosis was confounded by myocyte vacuolization (P  .002)
nd nuclear derangement (P  .016), representing independent atrial fibrillation
redictors. As expected, the conventional coronary artery bypass grafting and off-
ump coronary artery bypass grafting groups showed similar histology, but more
mportantly, no atrial changes were detected in relation to cardiopulmonary bypass
xposure in the conventional coronary artery bypass grafting group. Atrial histology
howed degenerative changes that correlated with advanced age and left atrial
nlargement.
onclusions: Our study supports the contention that atrial fibrillation after coro
urgery is associated with pre-existing histopathologic changes of the right atrium.
atients randomly allocated to off-pump coronary artery bypass grafting procedures
howed a similar rate of atrial fibrillation and a similar relationship to atrial
istology as did those exposed to cardiopulmonary bypass. Cardiopulmonary bypass
id not cause additional changes in tested histology variables.
ostoperative atrial fibrillation (AF) is a common and perplexing problem
after coronary artery bypass grafting (CABG). AF is associated with in-
creased mortality and morbidity1,2 and with accompanying longer and moostly hospitalizations.1,3 Although several studies have identified various baseline
iovascular Surgery ● June 2006
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Predictors of postoperative AF, the pathophysiology re-
ains unclear.4 Prevention and treatment are also cont-
ersial issues.4 The use of cardiopulmonary bypass (CP
as been postulated as being a main AF-explanatory vari-
ble i n relation to myocardial ischemia,5 inflammatory
esponse of CPB itself,6 and the adverse effects of card-
legia.7 In recent years, off-pump CABG (OPCAB) 
merged as a possible solution to this problem. However,
here is evidence to suggest that patients vulnerable to post-
perative AF have a pre-existing electrophysiologic abnor-
ality,8 altered myocyte histology,9-13 or both, justifying
hy some patients experience AF and others do not.
Our aim was to identify which pre-existent histopatho-
ogic alteration is predictive of postoperative AF when
uperimposed on the surgical stress of coronary surgery and
hen randomized to being performed with and without
PB.
ethods
opulation
ver a 2-year period, 70 patients scheduled for primary and
solated elective coronary artery bypass surgery were prospec-
ively randomized for coronary revascularization with either on-
ump conventional surgical intervention (cCABG group, n  35)
r off-pump surgical intervention (OPCAB group, n  35). Inclu-
ion required preoperative sinus rhythm without clinical evidence
f hemodynamic or electrophysiologic dysfunction of the right
trium. All enrolled patients had a normal P-wave morphology and
ight atrial pressure. Exclusion criteria encountered were history
f supraventricular arrhythmias, presence of a pacemaker de-
ice, infection within 6 weeks preceding the operation, inflam-
atory disorders, or immunosuppressive therapy. The study
ohort contained 57 men and 13 women (age range, 46-80 years;
able 1).
All patients had undergone preoperative coronary angiogra-
hy, and transthoracic echocardiography was used to measure
eft atrial size along the anteroposterior diameter, left ventric-
lar function, and right atrial pressure.14,15 Preoperative med-
cations, including -blockers, diuretics, antihypertensives, and
alcium-channel blockers, were routinely omitted on the day of
he operation and restarted after the operation unless clinically
ontraindicated.
Specimens of the right atrial appendage were collected after
pening of the pericardium and in the cCABG group, with an
Abbreviations and Acronyms
AF  atrial fibrillation
CABG  coronary artery bypass grafting
cCABG  conventional coronary artery bypass
grafting
CPB  cardiopulmonary bypass
OPCAB off-pump coronary artery bypass graftingdditional sample taken after weaning from CPB. The study re- p
The Journal of Thoraciceived ethical committee approval for clinical trials, and all pa-
ients provided their consent to participate.
urgical Management
he patients followed identical surgical and anesthetic protocols.
PB was of standardized fashion with ascending aortic and 2-stage
enous cannulation of the right atrium at systemic moderate hy-
othermia (32°C). Myocardial protection was accomplished by
eans of antegrade intermittent cold blood cardioplegia. Off-pump
rocedures were performed at near normothermia (35°C). The left
nternal thoracic artery was routinely grafted to the left anterior
escending artery, whereas the right internal thoracic artery and
he saphenous vein were used for other target vessels. At the end
f the operation, patients were taken to a dedicated cardiovascular
ntensive care unit and monitored for at least 24 hours.
F Definition and Detection
ll patients were monitored daily until discharge with continuous
lectrocardiographic telemetry, as well as standard 12-lead elec-
rocardiography. Additional recordings were collected at clinical
uspicion of AF. Only AF episodes lasting longer than 15 minutes
ere considered. Atrial flutter or tachycardia were disregarded
ecause of their different mechanisms.16
istologic Analysis and Definitions
trial samples were fixed in buffered formalin (formaldehyde, 4%
t/vol, and acetate buffer, 0.05 mol/L) for 12 hours at room
emperature, followed by dehydration, embedding in paraffin, and
utting into 4-m serial sections. Sections were stained with
ematoxylin and eosin and Masson trichrome. Morphometric eval-
ation was conducted by a trained pathologist blinded to patient
haracteristics and AF occurrence. An Olympus BX40 light mi-
roscope (Olympus, Tokyo, Japan) was used. Pathology referring
o atrial myocytes and connective tissue components were evalu-
ted by using semiquantitative scales similar to that previously
escribed by Ad and colleagues.10 Assessment of atrial myocyte
ncluded the degree of vacuolization from loss of myofibri17
acuolization was scored as 0 or 1 (0  absent, 1  observed at
ny rate). In specimens positive for vacuolization, the degree of
yolysis was also evaluated on the basis of vacuole density and
ize, both scored from 1 to 3. The existence of hypertrophy and
trophy were rated from 0 to 2 (from absent to diffuse presence).
yocyte nuclear derangement encountered a composite evaluation
f apoptotic pyknotic figures or necrotic nuclear changes, rated
rom 0 to 2. The presence of lipofuscin was also evaluated and
ated from 0 to 3. The analysis of connective tissue components
ocused on interstitial edema (rated 0-3), mononuclear exudates
rated 0-2), fibrosis (rated 0-3), fibroelastosis (rated 0-2), and
rteriolar hypertrophy (rated 0-1), respectively.
A small portion of each specimen was separated for electron
icroscopic observations. This analysis was performed on selected
pecimens in which light microscopy had shown varying degrees
f myocyte vacuolization, nuclear derangement, and/or fibrosis.
he ambition was to confirm light microscopic data, and electron
icroscopy was performed in 9 patients. Tissue samples were
xed for 2 hours at 4°C in a mixture of 2% paraformaldehyde and
% glutaraldehyde in 0.05 mol/L (pH 7.3) cacodylate buffer,
ostfixed in 1% osmium tetroxide for 1 hour at room tempera-
and Cardiovascular Surgery ● Volume 131, Number 6 1365
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CSP ure, dehydrated in ethanol, and embedded in Epon-Araldite
Sigma-Aldrich, Chemie Schnelldorf, Germany). Ultrathin sec-
ions were stained with aqueous uranyl acetate for 25 minutes
nd Reynolds lead citrate for 20 minutes and examined with a
orgagni electron microscope (Philips, Eindhoven, Netherlands).
ata Analysis
linical and histopathologic data were prospectively recorded and
abulated with Microsoft Excel (Microsoft Corp, Redmond, Wash).
he Fisher exact test, the 2 test, the McNemar test, and logistic
egression were used as appropriate for categoric variables, and
Student t test was applied for continuous variables. Stepwise
ultiple logistic regression was performed on variables with a
value of .05 or less at univariate analysis. Dichotomization is
ABLE 1. Clinical data of the patients, with subdivision in
All patients,
mean  SD (%),
n  70
reoperative data
Age (y) 65.1 8.6
Female sex (%) 19
BMI (kg/m2) 26.7 3.2
Angina class (CCS, 1-4) 2.6 0.7
Prior AMI (%) 67
Prior PCI (%) 17
LVEF (%) 53.9 10.6
Left atrial diameter (mm) 37.5 1.6
Vessels diseased (n, 1-3) 2.6 0.6
Right coronary disease (%) 76
Creatinine (mg/dL) 1.4 1.0
Potassium (mEq/L) 4.3 0.9
Hypertension (%) 50
Diabetes (%) 37
Hyperlipidemia (%) 50
COPD (%) 10
CVA (%) 11
PVD (%) 37
Use of -blockers (%) 37
EUROscore 3.3 2.4
perative data
ACC time (min) NA
CPB time (min) NA
Anastomoses (n) 2.3 0.8
ostoperative data
Atrial fibrillation (%) 31
Inotropic support (%) 31
Ventilation time (h) 21.8 7.7
Total bleeding (mL) 695.7 235.7
ICU time (h) 29.7 33.4
LOS (d) 11.8 5.3
D, Standard deviation; cCABG, conventional coronary artery bypass graf
CS, Canadian Cardiovascular Society; AMI, acute myocardial infarction; P
OPD, chronic obstructive pulmonary disease; CVA, cerebrovascular
ardiopulmonary bypass; ICU, intensive care unit; LOS, length of stay.efined in the tables. n
366 The Journal of Thoracic and Cardiovascular Surgery ● JunAll data are presented as means  standard deviation unless
tated otherwise. Statistical analysis was computed with SPSS,
elease 13.0 for Windows (SPSS Inc, Chicago, Ill).
esults
linical Results
atient demographics, operative and postoperative char-
cteristics of enrolled patients, and characteristics with
andomization into pump modality are depicted in Tabl
he cCABG and OPCAB groups were comparable in all
reoperative characteristics. None of the patients died. The
verall incidence of AF was 31%, with 12 patients in the
CABG group and 10 in the off-pump group, representing a
roups based on type of operation
cCABG,
mean  SD (%),
n  35 P value
OPCAB,
mean  SD (%),
n  35
64.2 9.4 .348 66.1 7.7
17 .999 20
27.3 3.5 .157 26.3 2.6
2.5  0.7 .309 2.7 0.8
69 .999 66
17 .999 17
54.5 9.8 .687 53.4 11.4
37.5 1.5 .708 37.4 1.6
2.7  0.6 .246 2.5 0.7
86 .093 66
1.3  0.8 .242 1.6 1.2
4.1  1.0 .342 4.3 0.8
49 .999 51
46 .216 29
57 .399 43
11 .999 9
7 .259 17
34 .805 40
40 .805 34
2.9  2.3 .246 3.6 2.4
55.3 26.6 NA NA
85.2 31.6 NA NA
2.6  0.8 .003 2.0 0.7
34 .797 29
34 .797 29
21.9 5.0 .878 21.6 9.8
674.9 246.5 .463 716.6 226.1
27.4 13.5 .566 32.1 45.5
11.6 4.3 .806 11.9 6.2
PCAB, off-pump coronary artery bypass grafting; BMI, body mass index;
ercutaneous coronary intervention; LVEF, left ventricular ejection fraction;
ent; PVD, peripheral vascular disease; ACC, aortic crossclamp; CPB,to g
ting; O
CI, p
accidonsignificant difference (P  .797). All patients affected
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Py AF subsequently regained sinus rhythm. The median
uration of AF was 4.6 hours (range, 1-48 hours). Of the
atients with AF, 15 (68%) had arrhythmias within 48 hours
fter the operation. Recurrent postoperative AF was re-
orded in 6 of the affected patients.
Table 2 lists possible predictors of AF. The comm
greed AF predictors (eg, age, chronic obstructive pulmo-
ary disease, and pump modality) did not reach significance
n this study. Significant findings in relation to AF were left
ABLE 2. Atrial fibrillation and key parameters for univari
AF , mean  SD (%),
n  48
linical data
Age (y) 64.3 8.5
Female sex (female  1) 17
BMI (kg/m2) 26.6 3.1
Angina class (CCS, 1-4) 2.7 0.6
Prior AMI (yes, %) 69
Prior PCI (yes, %) 19
Vessel diseased (1-3) 2.6 0.6
Right coronary disease (0-1) 73
LVEF (50, %) 29
Left atrial diameter (37 mm, %) 38
Creatinine (mg/dL) 1.4 0.9
Potassium (mEq/L) 4.2 0.9
Hypertension (yes, %) 46
COPD (yes, %) 8
EUROscore (12/34/5) 3.2  0.4
ACC time (min) 54.9 26.3
CPB time (min) 86.9 33.8
Inotropic support (yes, %) 19
Total bleeding (mL) 692.5 226
Ventilation (h) 20.4 24.9
ICU time (h) 24.5 9.6
LOS (d) 10.9 4.3
Mean score  SD
istopathologic data
Myocyte vacuolization (0/1) 0.21 0.41
Hypertrophy (0/12) 0.60  0.71
Atrophy (0/12) 0.31  0.51
Lipofuscin (0/123) 0.10  0.31
Nuclear derangement (0/12) 0.15 0.36
Fibrosis (01/23) 0.63  0.73
Fibroelastosis (0/12) 0.60  0.71
Mononuclear exudate (0/12) 0.06 0.24
Edema (0/123) 0.17  0.38
Arteriolar hypertrophy (0/1) 0.19 0.39
eference is made in the text to details about semiquantitative scales and
n the first column. AF, Atrial fibrillation; CI, confidence interval; BMI, bod
nfarction; PCI, percutaneous coronary intervention; LVEF, left ventricular
rossclamp; CPB, cardiopulmonary bypass; ICU, intensive care unit; LOS, le
nd univariate logistic regression.trial size (anteroposterior diameter, P  .008) and inotro- s
The Journal of Thoracicic support requirement (P  .001, Table 2). Moreove
here was a positive correlation between left atrial diameter
nd age, suggesting a moderate explanatory relationship
r2  0.140, P  .002, r  0.370). No correlation was
emonstrated between left atrial size and decreased left
entricular function (P  .806, r  .030).
trial Histology
n increased presence of myocyte vacuolization and inter-
redictors
, mean  SD (%),
n  22 P value Odds ratio
95% CI
Lower Upper
67  8.6 .217*
23 .546†
27.1  3.4 .554*
2.5  0.7 .302†
64 .673†
14 .599†
2.7  0.6 .367†
82 .423†
27 .871†
73 .008† 4.4 1.5 13.4
1.6  1.2 .534*
4.2  1.0 .999*
59 .305†
14 .496†
3.5  2.4 .584†
56.1  22.0 .886*
81.9  28.1 .646*
59 .001† 6.3 2.5 19.1
702.7  261 .875*
24.9  11.4 .086*
41.2  57.1 .186*
13.6  6.8 .101*
ean score  SD
0.91  0.29 .001† 38 7.6 190.5
0.77  0.69 .224†
0.36  0.58 .822†
0.18  0.39 .373†
1.18  0.80 .001† 19.9 5.5 71.6
1.91  0.92 .001† 22.9 6.1 85.7
0.68  0.84 .848†
0.14  0.35 .317†
0.27  0.46 .307†
0.27  0.46 .422†
tomization. Units and mode of dichotomization are shown in parentheses
ss index; CCS, Canadian Cardiovascular Society; AMI, acute myocardial
tion fraction; COPD, chronic obstructive pulmonary disease; ACC, aortic
of stay. *Parametric analysis with the t test. †Dichotomized transformationate p
AF 
M
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CSPor patients with AF, which compared with 21% and 50%,
espectively, for those remaining in sinus rhythm. Further-
ore, an increased presence of myocyte nuclear derange-
ent was found in patients with AF. Mean scores and
nivariate statistics are reported in Table 2. Figures 1 a
how typical examples of atrial histopathology by means of
ight and electron microscopy. When analyzed in multivar-
ate mode, vacuolization and degree of myocyte nuclear
erangement remained independent versus AF (P  .002
nd P  .016, respectively), whereas fibrosis was confounded
o an insignificant level by these variables (Table 3
atients with observed myocyte vacuolization, the density
nd size of vacuoles both correlated univariately with AF
ccurrence (P  .002 and P  .001, respectively; data not
hown in tables). Abnormal appearance was recorded for
any of the other histology variables but with no statistical
Figure 1. Photomicrographs of right atrial biopsy spec
lesions are exemplified. A, B, and C, Mild-to-severe my
tissue. Vacuolization is indicated by arrows. (A and B
400 [B]; C: Masson trichrome stain, magnification 40
hematoxylin and eosin stain, magnification 200; E:
indicated by the letter F. F, Damaged myocyte appearan
pyknotic derangement. Half-moon or sickle nuclei
magnification 400.)ssociation to AF (Table 2). s
368 The Journal of Thoracic and Cardiovascular Surgery ● Jun2
Atrial histology was subdivided by randomization into
CABG and OPCAB groups. No differences between groups
ere detected for the baseline characteristics before CPB
Table 4). In the cCABG group atrial specimens after 
ere compared with those before CPB. However, no histo-
ogic difference was recorded with this comparison (Table
nivariate logistic regression was also performed to test the
nfluence of selected intraoperative parameters on atrial
istology. Aortic crossclamp time, CPB time, and cardio-
legia dosage, as well as right coronary artery grafting,
howed no such relationship (data not shown).
The possible relationship between atrial histology and 
as explored by using logistic regression. Age as a depen-
ent variable selected hypertrophy, myocyte nuclear de-
angement, fibrosis, fibroelastosis, and, with borderline sig-
ificance, vacuolization as explanatory factors (Table 5)
s. Different patterns of tissue morphology and cellular
llar loss (vacuolization) on cross-section of right atrial
atoxylin and eosin stain, magnification 200 [A] and
D and E, Moderate-to-severe interstitial fibrosis. (D:
on trichrome stain, magnification 200.) Fibrosis is
haracterized by cytoplasmic eosinophilia and nuclear
ndicated by arrows. (Hematoxylin and eosin stain,imen
ofibri
: hem
0.)
Mass
ce c
are iimilar comparison was made versus left atrial diameter
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Pichotomized at more than 37 mm. This analysis revealed
acuolization, the presence of myocyte nuclear derange-
ent, and the severity of fibrosis as being related to left
trial size (Table 5). The possible effect of preoper
xposure to -blockers (n  26) was tested in relation to
trial histology. However, no changes were discovered in
elation to these drugs (data not shown).
iscussion
espite several improvements in the surgical technique, AF
till remains the most common complication after cardiac
urgery.4 Its incidence has paradoxically increased becau
he numbers of elderly patients suitable for surgical re
ularization has steadily increased.18 Mechanisms of AF
athophysiology have been subjected to intense investigat
ut  its exact determinants remain unclear. Several s
ave reported conflicting results regarding the role of CPB
nd cardioplegic arrest in the development of AF after
ABG and when compared with OPCAB procedures.19-22
Figure 2. Electron microscopy of myocyte ultrastruct
vacuoles and mitochondria (indicated by asterisks and
tracted myocyte expressing short sarcomeres (indicate
by N; magnification 3500).
ABLE 3. Multivariate analysis: Predictors of postoperativ
isk factors
Mode of
dichotomization Wald 2
yocyte vacuolization 0/1 9.08
uclear derangement 1/23 5.82
ibrosis 01/23 2.84I, Confidence interval.
The Journal of Thoracics
Recent studies suggest that patients vulnerable to post-
perative AF have pre-existing electrophysiologic alter-
tions, possibly associated with cellular disturbances.8-13
yocyte vacuolization and apoptotic nuclear degeneration
ave been described in relation to postoperative AF
atients undergoing on-pump coronary surgery.10-12 How-
ver, the effects exerted by the off-pump procedure on atrial
istopathology have not been elucidated. Similar to previ-
us findings,10-12 our study revealed an association betwe
reprocedural atrial histology and postoperative AF. No
ssociation or protective relationship versus OPCAB was
ound herein. Furthermore, right atrial histology was not
ignificantly affected by CPB. A longer CPB time than nec-
ssary for routine CABG procedures might have changed
his pattern.
Age is the only consistently reported risk factor of postop-
rative AF after cardiac surgery. Age-induced changes of the
eart have been illuminated in some recent studies.10-12,23,24 It
as been proposed that atrial dilatation, together with hy-
A, Severe loss of myofibrils, which are replaced by
ws, respectively; magnification 4400). B, Hypercon-
), thickened Z lines, and nuclear shrinkage (indicated
ial fibrillation
P value Odds ratio
95% CI
Lower Upper
.002 17.1 2.1 107.8
.016 7.8 1.1 41.6
.092 4.2 0.8 22.7ure.
arro
d by Se atrand Cardiovascular Surgery ● Volume 131, Number 6 1369
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CSPertrophy and fibrosis, might promote re-entry arrhyth-
ias.25 Furthermore, loss of myocyte fibrils with fibro
emodeling is proposed to interfere with cell-to-cell electri-
al coupling between atrial muscle fibers.13,26 Our findings
re in consonance with these suggestions. However, in
multivariate mode of analysis, atrial fibrosis was con-
ounded by the more specific alterations of myocyte vacu-
lization and nuclear derangement. These findings are in
onsonance with the previous findings observed by Ad and
olleagues10,11 and Ak and associates.12 Furthermore, myo-
yte hypertrophy was not found to be associated with AF in
his study. It is noteworthy that age did not significantly
elate to AF, a finding that must be viewed in perspectives
f the limited number of studied patients. Nevertheless,
dvanced age was significantly related to atrial fibrosis and
eranged myocyte nuclei. Left atrial enlargement showed a
imilar relationship to atrial histology. Atrial size was as-
ociated to both AF and age, which illustrated complex but
ABLE 4. Histopathologic analysis of right atrial appendag
Mode of
dichotomization
mea
reprocedural sample
Myocytes
Vacuolization 0/1
Hypertrophy 0/12
Atrophy 0/12
Lipofuscin 0/123
Nuclear derangement 0/12
Connective tissue and interstitium
Fibrosis 01/23
Fibroelastosis 0/12
Mononuclear exudate 0/12
Edema 0/123
Arteriolar hypertrophy 0/1
ost–cardiopulmonary bypass sample
Myocytes
Vacuolization 0/1
Hypertrophy 0/12
Atrophy 0/12
Lipofuscin 0/123
Nuclear derangement 0/12
Connective tissue and interstitium
Fibrosis 01/23
Fibroelastosis 0/12
Mononuclear exudate 0/12
Edema 0/123
Arteriolar hypertrophy 0/1
eference is made in the text to details about semiquantitative scales and
ypass grafting; OPCAB, off-pump coronary artery bypass grafting. *P valu
nd off-pump coronary artery bypass grafting (univariate logistic regressio
re– cardiopulmonary bypass (conventional coronary artery bypass graftinmportant patterns of covariance. Results reported from t
370 The Journal of Thoracic and Cardiovascular Surgery ● Junoth experimental and clinical studies suggest that increased
all tension or high frequency of beating, both being asso-
iated with atrial dilatation, might induce apoptotic myocyte
eath.27,28
In a recent study regarding AF, Ak and colleagu12
eported an increased apoptotic pattern in vacuolized myo-
ytes and suggested a “cause and effect” relationship be-
ween these variables. In our study myocyte vacuolization
nd deranged nuclear appearance coexisted but were inde-
endently found to be associated with AF. Myocyte vacu-
lization has been detected in conjunction with normal
ging but also in response to hypoxia and ischemia.23,24,29
acuolar changes might constitute a progressive cellular
esponse to chronic ischemia.29 It could be postulated th
he onset of AF requires an initiating event, such as an acute
njury or an intense neurological influence on the atria4,24
n addition, an underlying factor might be required for the
nset and maintenance of the arrhythmia.4 Superimposed on
ssue
tients,
re  SD,
70
cCABG group,
mean score  SD,
n  35 P value
OPCAB group,
mean score  SD,
n  35
0.50 0.40  0.50 .629* 0.46  0.51
0.70 0.66  0.68 .811* 0.66  0.73
0.53 0.40  0.55 .196* 0.26  0.51
0.34 0.11  0.32 .722* 0.14  0.36
0.72 0.46  0.70 .999* 0.49  0.74
0.99 1.00  0.03 .794* 1.06  0.97
0.75 0.57  0.74 .473* 0.69  0.76
0.28 0.11  0.32 .402* 0.06  0.24
0.40 0.17  0.38 .551* 0.23  0.43
0.41 0.26  0.44 .385* 0.17  0.38
A 0.46 0.51 .500† NA
A 0.49  0.66 .082† NA
A 0.40  0.55 .082† NA
A 0.11  0.32 .999† NA
A 0.43  0.70 .564† NA
A 1.03  0.07 .223† NA
A 0.71  0.71 .152† NA
A 0.14  0.36 .999† NA
A 0.14  0.36 .999† NA
A 0.23 0.43 .999† NA
tomization. SD, Standard deviation; cCABG, conventional coronary artery
otes the difference between conventional coronary artery bypass grafting
value denotes the difference between post– cardiopulmonary bypass and
y, McNemar test).e ti
All pa
n sco
n 
0.43
0.66
0.33
0.13 
0.47
1.03 
0.63
0.09
0.20 
0.21
N
N
N
N
N
N
N
N
N
N
dicho
e den
n). †Phe age-related atrial changes are the effects of surgical
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CS
Prauma and pericardiotomy, in addition to adrenergic or
hemical stimulation during perioperative support with cat-
cholamines or other inotropic agents.4,24 In the presen
tudy requirement of inotropic drugs was increased among
atients who later had AF. The association between AF and
notropic requirement confirms previous reports,21,30,31 of-
en being interpreted as the influence of sympathetic acti-
ation by the drug.4,16,30,31 However, the possibility tha
notropic support reflects several preoperative conditions,
uch as decreased left ventricular function, as revealed in
ur study, or effects of aging must also be considered.
Investigation of AF mechanisms requires a large number
f observations. Detailed microscopy of atrial samples lim-
ts such ambitions and restrains the statistical power. These
ircumstances might have explained the insignificant rela-
ionship of AF to the generally agreed predictors of age and
hronic obstructive pulmonary disease. The same can be
eclared for the between-group comparison of the cCABG
nd OPCAB groups, although the numeric AF rate differ-
nce was minimal. In this study semiquantitative scores by
blinded observer were used for describing atrial histology.
n view of the complex nature of cellular science, the search
ABLE 5. Univariate analysis of age and left atrial diamet
Mode of
dichotomization
Age <65 y,
mean score  SD,
n  35
yocyte vacuolization 0/1 0.31 0.47
ypertrophy 0/12 0.37  0.49
trophy 0/12 0.29  0.52
ipofuscin 0/123 0.06  0.24
uclear derangement 0/12 0.26  0.51
ibrosis 0/123 0.69  0.93
ibroelastosis 0/12 0.29  0.46
ononuclear exudate 0/12 0.09  0.28
dema 0/123 0.11  0.32
rteriolar hypertrophy 0/1 0.23 0.43
Mode of
dichotomization
Left atrial diameter
<37 mm, mean
score  SD,
n  36
yocyte vacuolization 0/1 0.31 0.47
ypertrophy 0/12 0.50  0.61
trophy 0/12 0.36  0.59
ipofuscin 0/123 0.08  0.28
uclear derangement 0/12 0.17  0.45
ibrosis 01/23 0.72  0.85
ibroelastosis 0/12 0.42  0.6
ononuclear exudate 0/12 0.11  0.32
dema 0/123 0.17  0.38
rteriolar hypertrophy 0/1 0.22 0.42
eference is made in the text to details about semiquantitative scales anor numeric methods and key variables relating to AF is a c
The Journal of Thoracicajor future aim. AF mechanisms are commonly referred to
riginate from the left atrium and pulmonary veins.32 De-
pite this fact, practical and ethical considerations made us
ollect samples from the right atrium rather than from the
eft side, a limitation shared with many previous stud-
es.10-12 However, it is noteworthy how the right a
ppendage tissue has been recognized to mirror most of the
athologic alterations seen in chronic AF and for dilated
ardiomyopathy.29 Furthermore, routine histologic analys
s time consuming and does not allow for immediate and
elective prophylactic treatment against postoperative AF.
tudies are now required to explore the molecular events
nd gene expressions associated with increased AF suscep-
ibility and possibly to identify useful treatment against such
isorders.
In conclusion, our study supports the thesis that AF after
oronary surgery is associated with pre-existing and degen-
rative changes of the right atrium, with a lower arrhythmic
hreshold when being superimposed by the surgical trauma.
atients randomly allocated to OPCAB procedures showed
similar rate of AF and a similar relationship to atrial
istology as did those exposed to CPB. CPB as such did not
rsus histology
Age >65 y,
ean score  SD,
n  35 P value Odds ratio
95% CI
Lower Upper
0.54  0.51 .056
0.94  0.76 .010 3.7 1.4 9.9
0.37  0.55 .435
0.20  0.41 .092
0.69  0.83 .047 2.8 1.0 7.9
1.37  0.94 .001 6.4 2.1 19.6
0.97  0.82 .002 4.8 1.7 13.2
0.09  0.28 .999
0.29  0.46 .082
0.20  0.41 .771
eft atrial diameter
>37 mm, mean
score  SD,
n  34 P value Odds ratio
95% CI
Lower Upper
0.56 0.50 .035 2.9 1.1 7.7
0.82 0.76 .149
0.29 0.46 .917
0.18 0.39 .254
0.79 0.81 .001 7.9 2.5 25.1
1.35 1.04 .004 5.5 1.7 17.6
0.85 0.82 .059
0.06 0.24 .412
0.24 0.43 .475
0.21 0.41 .868
otomization. CI, Confidence interval.er ve
m
Lause additional changes in tested histologic variables.
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